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(54) Abstract Title 

Roller cone drill bit having noivaxisymmetric cutting elements oriented to optimise 



drilling performance 



(57) At least one cutting tooth 29 with a crest without rotational symmetry is located on the rolling cone of a 
drill bit. The drilling performance of this bit in a selected Irthology is simulated and the orientation e n of the 
asymmetrical tooth is adjusted and the simulation iteratively repeated until the optimum orientation has been 
determined. This is associated either with the peak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best performance as measured by a combination of 
parameters. A rypicatoptimum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation of the base of the tooth may also be optimised in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a rolling cone with at least one tooth at 
a different orientation to the rest, in order to prevent tracking. 
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(Prior Art) 




FIG. 4 
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ROLLER CONE DRILL BIT HAVING NON-AXESYMMETRIC 
CUTTING EOMENTS ORIENTED TO OPTIMIZE DRILLING 

PERFORMANCE 



The invention relates generally to the field of drill bits used to drill earth 
formations. More specifically, the invention relates to methods for dedgiring, and 
5 to jtftrfgpfl, for drill bits having imp r o ved drilling performance. 

Roller cone drill bits used to drill wellbores through earth formations 
generally include a phtcality of roHex conra rotatably moxmted to a bit body . The 
bit body is turned by a drilling apparatus (drilling rig) while axial force is applied 

10 to flic bit to drill through the earth formations. The roller cones include a plurality 
of cutting elements disposed at selected locations thereon. The types, sizes and 
shapes of the cutting elements are generally selected to optimize drifting 
performance of the drill hit in the particular earth formations through which the 
formation is to be drilled 

IS The cutting elements may be formed from die same piece of metal as each 

of the roller cones, these being so-called "milled tooth* bits. Other types of 
cutting elements consist of various forms of "inserts" (separate bodies formed 
fiom selected materials) which can be affixed to die roller cones in a number of 
different ways* . 

20 Some types of cutting elements, both milled tooth and insert type, have 

cutting edges ("crests") which are not symmetric with respect to an axis within die 
body of the cutting element. These are called non-axisymmetric cutting elements. 
Some types of roller cone drill bits have non-aoosymmetnc cutting elements 
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ori entedsoth*ibecres^ 

One such method for hnrnoVing drill bit performance by orienting cutting 
element crests along a particular direction is described in published patent 

5 application 1^^^ 

appUcation generally includes determhring an expected trajectory of the cuttmg 
elements as they come into contact ™fh the earth formation. The expected 
Rectory is determined by estinmtihgarota^ 

befcg the cone mtati^ Thecrestsof 
10 a. MHfas «~ to* to te-«fc*-iiarf|r pa^—ifcJ-r. low — 

along, the expected tmjectory. Whether the crests am oriented per^colar or 

along me expected trajectory depends Oh die type bfeafm formation being drilled. 
Yet another method for orienting the ctests of the cutring elements on a 

roller cone bit is described in U. S. patent no. 5,197,555 issued /to Estes. An 
15 explained in the Estes '555 patent, the crests of the cutting elements are Rented 

wiflria angle ranges of 30 to 60 degrees («r 3W to 330 degre^ 

rotation of die cone. 

It is desirable to provide a drill bit wherein nott^isyrnmetric catting 
elements are oriented to optimize a rate at vmich the driu Wt <^ 
20 formations. 



One aspect of die invention is a roller cone drill bit having rolfer cones 
rotatabry attached to a bit body. Bach of the cones includes a pluralhy of cutting 
25 eleinents.atleastoneoftte 
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so that a value of at least one d^ faone 
embodiment, the at least one parameter include rate of penetration of the drill bit 

In one embodiment, the crest of the at least one catting element is criented 
at an angle of about 10 to 25 degrees fiom the direction of movement of flie 
5 cutting element as it contacts the earm nnn^ 

disposed m a positkmout^ In anoflier 

embbdnik*t, me angle is about 350 to 335 degrees when the cutting element is 

disposed m a positim 

Another aspect of the mveiitfoais a method tor designing a roller cone drill 
10 bit mchidmg simnlath^ the bit drilling earth tbnnations. The drill bit mchides 

roller cones romtaBly attached to a bit body. Bach of the cones includes a plurality 

of anting elements, at least one of the cutting elements being rwn-iixisyinmetric. 

m Ac method, an orientation of the cutting element is adjusted, and the drilling is 

again smmlated. The adjUsnnent an d simu lat io n ate repeated until the value of at 
15 least one dnllnieperibiira h» one embodiment, the at 

least one pertbrrnance parameter includes the rate of penetration of the drit bit 

Other aspects and advantages of the invention -will be apparent from the 

descriptio n which follows. 



20 

Figure 1 shows one example of a prior art roller cone drill bit hav ng non- 
axisyrrrmetric cutting elements. 

Figure 2 shows a bottoni view 
cutting elements oriented according to me mvention, 
25 Figure 3 ahows one example of how to approximate a location of a drive 

row on a cone. 
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Figure 4 shows one embodiment of a cutting element which has more than 
one direction of a long dimension. 

nKTATT.RD DB RraiPTTON OF THH INVENTION 

Referring to Figure 1, a typical prior art toiler cone drill bit 20 includes a 
5 hit body *""rf*g «" arfemaHy threaded connection at one end 24, and a plurality 
of roller cones 26 (usuaDy three as shown) attached to tiie other end of the lit body 
22 and able to rotate with respect to ,d»e bit body ^ cones 26 of 

Ore bit 20 are a pluramy of catting elements 28 typically arranged in rows about 
the surfece of the cones 26. The cutung dkanents 28 can type known in die 

,10- anv mcluding tungsten caibide inse^ diamond cnanpacts, or 

nulled steel teeAt The earning el ements shown in Figure 1 at 28 ate non- 
axisymmetric, meaning that the crest 28A of die cutting element is not symmetric 
with respect to an axis (not shown) of me catting element 28. Typically, the crest 
28A of a non- aodsy nunetric cutting dement such as shown at 28 -will define a long 

15 dimens ion, shown along line L. An orientation of the long dimension L is 
generally defined as an angle subtended between the direction of the long 
dimension L and a selected reference. In this example the reference is the 
rotational axis of the cone, shown at A. Any other suitable reference can be used 
to define the orientation of the cutting element The non-axisymmetric caning 

20 elements 28 on the bit 20 shown in Figure 1 are arranged so that the long 
dimension L is substantially parallel (at zero degrees subtended ang?e) with 
Tespect to the axis rotation A. 

It should be noted that the long dimension X for the crest 28A shown in 
Figure 1 is substantially parallel to the crest 2&A because die crest 28A is linear: 

25 Other Shapes of crest are laiown in fee art which will have diffident definitions of 
the long dimension* For example, crescent shaped crests on same cutting elements 
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may have the long dimension defined as along a fine connecting the endpeints of 
the crescent Referring briefly to Figure 4, for example, a special type of cutting 
element 28B has a long dimension L2 across its crest which as shown in this 
example is oriented differently than the long dimension LI of the base of die 
5 cutting element 28B. For the description of the invention which follows, the 
orientation of die crest of such cutting elements will be determined by the 
direction of L2. As will be farther explained, die individual ori e n t ati on of both L2 
and of LI can be optimized to provide improved drilling performance. 

Referring back to Figure 1, although the hit 20 has been shown wherein 
10 substantially all the cutting elements 28 include the long dimension L» it is within 
the scope of tins invention if only one such cutting element, or any other number 
of such cutting elements, is non-axisymmeiric and includes long dimersian L» 
The rest of the cutting elements may be axisymmetric. Ilierefbre, die number of 
non-axisymmetric cutting dements is not intended to hmrt the invention. 
15 It has been determined that the orientation of the long dimension L with 

respect to the axis of die cone A has an effect on drilling performance of die bit 
20. hi one aspect of die invention, drilling with the bit 20 through a selected earth 
formation is simulated The simulation typically includes determination of a rate 
- at winch the bit penetrates through the selected earth formation (ROP), among 
20 other performance measures. In this aspect of die invention, die angle of the long 
dimension L with respect to the selected reference is adjusted, die HrilKng 
simulation is repeated, and the performance of the bit is again determined. The 
adjustment to the angle and simulation of drilling are repeated until the drilling 
performance is opti mi zed In one embodiment of the invention, optimization is 
25 determined when die rate of penetration (ROP) is determined to be maxim m 

One such method far simulating the drifting of a roller cone drill bit such as 
shown in Figure 1 is described in U. S. patent application serial no* 09/524,088 
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filed on March 13, 2000, and assigned to the assignee of this mventior-. The 
method of the '088 patent application is hereby incorporated by reference. The 
method for simulating me drilling performance of a roller cone bit (hilling an earth 
formation may be used to optimize the design of roller cone drffl bite, and to 
optimize the drfflmg performance of a roller cone bit The method includes 
selecting bit design parameters, selecting drilling parameters, and selecting an 
earth formation to be drilled. The bit design pamrneters generally inc^ 
meanapeoftfce«tt^ V* **&o4 ffolher includes 

escalating, from Ac bit design parameters, driffing parameters and earth 
formation, the parameters of a crater formed wb^ one of n^ cutting elements 
contacts the earm formation. The metirpd further includes calcubting a 
bottomhole geometry, wnerein the crater is removed from a bottomhole surface. 
The method also includes incrementally rotating the rat and repeating tie 
calculating of crater parametera and bottonihote 
15 roller cone rotation speed and geometrical leeation with 
roller cone drill bit about its axis. 

In the present embodiment, the simulation according to the previously 
described program is performed. At least one drilling performance parameter, 
which can include the rate of penetration, is detennined as a result of the 
20 simulation. The angle of the long dimension fc of the at least one non- 
aadsymmetric cutting element is adjusted. The simulation is repeated, lypicahV 
mclttdmg maitttentiag ihe values of all tire ofter dnTting control and drill bit 
design parameters, and the value of tire at least one driffing performance parameter 
is again determined. This process is repeated until tire value of - the drilling 
25 performance paramrter it optimized In one example, as previously explained, the 
drilling performance parameter is optintized when rate of penetration is 
determined to he at a maximum. 
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For the special cutting element 28B shown in Figure 4, the orientation of 
the. crest long dimension JJ2 and the orientation of the base long dimension LI can 
both be adjusted, the simulation repeated, and the results compared until tte value 
of the at least one drilling performance parameter is optimized. It is believed that 
5 in some drill bits, the direction of the velocity vector may 

of the cutting elements than at the base of the cutting elements. Specially shaped 
cutting elements such as shown at 28B in Figure 4 provide the bit designer with 
thb ability to optimize &e orientation of the long dnnenskra at both the crest and at 
the base of the cutting dements to further improve drilling perfcamance. As for 
10 the other embodiments of a bit according to the various aspects of the invention, 
die number of such special ciitti^ as shown in Figure 4 is not meant to 

Uzmt the scope of the invention. 

Another aspect of non-axisymmetric cutting elements is 1hat some ^ypes of 
such cutting elements may not be symmetric with respect to a bisecting plane. 
15 Other types of such cutting dements may be symmetric with respect to a bisecting 
plane. Referring briefly to Figure 1, typical prior art cutting elements suet as 28A 
which are not axisymmetric nonetheless have a bisecting plane about which flip 
cutting element is symmetric, fin the prior art, such cutting dements 28A are 
oriented such that the bisecting plane is substantial^ 
20 of die roller cone. Another aspect of die invention is that in addition to orienting 
die cutting element crest at a selected angle with respect to the cone axis, the 
bisecting plane is oriented at a selected angle with respect to the surface of die 
cone. An example of this orientation is shown in Figure 2, where bisecting plane 
P subtends an angle 0 4 with respect to perpendicular to the surface of die cone 26. 
25 As with other aspects of die invention, the orientation of die subtended angle 8* is 
preferably determined by selecting an initial value of the subtende 3 angle* 
simulating performance of the bit, adjusting the angle, and repeating the 
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^ » op*^ of fte a, le^ one drilline 

performance parameter is detetmined. 

Referring to Figure 2, through drilling simulation according to the method 

described in the "088 «npMta^ * .1— 

5 pcrforrnan^ofaeertamW 

CTCO bit having -ehiser shaped inserts, is aim^ ^hen me angle, shown as 9,, 
of the long dhnenskm JL is in a range of about 10 to about 25 degrees with respect 
to the a** A, when me cumng element 28 is disposed, in a pos^pn on me cone 
radially outing 

10 -drhre ro^ on the cone. If me ciming dement, ^ e^le, as shown at 29, is 
asposedflN>I©w^ 

ihat driffing performance fe iinproved^to me angle, shown in Figure 2 as 0* is 
wimm a range of about 350 to 335 degrees. The dethntion of the size of the angle 
W herein is mat the angle increases in a direction of the Heading" edge (toward 

15 the direction of rotation of me cane). 

It has been determined through emulation of driffing with me bit mat a 
acre preferred value for the angle 8, is about 25 degrees, and that a more 
preferred value for angle 8* is abont 335 degrees. 
In the event that tbe^uttii* 

20 location, me angte n^^ 

(or more preferably 25 or 335 degree 

provides a more optirmzed vahu^ 
higher rate of penetration. 

One method for **** mmaM * 
25 Figure 3. The rotation ratio of each of me cones 26 can be determined, for 
ejcample, using force escalations such as described in me X>88 patent application 
referred to earlier, or by simulating the driffing of me bit as in the *088 patent 
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application. Having determined or otherwise estimated the rotation ratio of the 
cone 26, a ratio of drive row distance r 2 from the axis of the bit B with respect to 
effective cone radios r t will be a ppr o xim ately related to the position of the drive 
row. The drive row position for proposes of this invention will he located 
5 approximately at the position along the cone axis A where the ratio tjti is 
approximately the same as die rotation ratio of the cone 26. In any particular bit 
design, there may or may not be a row of cutting elements disposed at the drive 
row location. The angle for orienting the at least one cutting element can be 
selected, as previously explained, by considering the location of the at least one 
10 cutting element with respect to die drive row location estimated ac co r din g to the 



Referring again to Figure 3, a particular feature of the invention is shown 
which has as its p ur pose further improve ment of drilling performance. At least 
one of the cutting elements 30, m 
15 oriented at the pre ferred angle 61, preferably is oriented at a different angle 83 so 
that the row of cutting elements will resist "tracking". The magnitude of the 
difference in the angles is not important, but only need be selected to avoid 
tracking. In particular, whether the selected difference in angle between die at 
least one cutting element and the other cutting elements on the same row is enough 
20 to avoid tracking can be determined, among other methods, by using the drilling 
simulation technique described in the '088 patent application referred to eariier. 

This feature of die invention can work with other embodiments of a drill 
bit For example, substantially all of the cutting elements on the bit may have long 
dime n sio n L parallel to the respective axis A of the cone on which each c utting 
25 element is disposed. At least one cutting element on any one row of c utting 
elements on the bit may be disposed so that its long dimension L subtends an 
angle other than parallel to die cone axis. In another example, at least one cutting 
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element an each tow on one cone can be disposed so that its long dimension is 
other thm parallel to fee respective cone axis. In yet another example, at least one 
cutting element on each cone, or alternatively, at least one cutting element on each 
row of each cone can be oriented so that its k>ng dimension isomer man paiallel to 
5 the cone axis, hi each of me foregoing exainjrtes, orienting ^ 

element so feat its long dimension other than parallel to me cone, when all fee 
other cuttmgelemente to 

hrtend^to ieducetrac^ thto aspect of nte mvennon wffl 

other ewes of fee cutting elements on the same low are not parallel to fee cone axis 

10 but are disposed at some selected angle (such as fee previously & 

angle). As long as at least one cutting element is disposed at a different angle than 
all fee other cutting elements on one row of cutting elements cm me oft; such 
configuration is within fee contemplation of this aspect of fee invention. In 
anofeer example, each row of cutting elements on each of fee cones inciudes at 

IS least one cutting elemeto disposed at an an^ 
elements on fee tow to avoid tracking. 

The invention has been described wife respect to particular embodiments. 
It will be apparent to those skilled in fee art feat other embodiments of fee 
mvention can be devised which do not d^ 

56° Closed herein. Accordingly, fee invention shall be limited in scope onb/ by fee 
attached claims. 
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1 1. A method fbr optima 

2 bit, comprising: 

4 least one diflliiigperfbimimc^ 

5 adjusting an orientation of at least one nbn-a»symm^e cutting element 

6 onthebit; 

7 repeating the simulating the drilling and detenmmng the at least one 
8 

9 repeating me 

10 pcr^oimanc*^ 




one 



1 2. The method as defined in claim 1 wherein the at least one 

2 performance parameter comprises a rate of penetration. 

1 3. The method as defined in claim 2 wherein the optimum value is 

2 determined when the rate of penetration is at a maximum value. 

1 4. The method as defined in claim 3 wherein the optimum value 

2 determined when the orientation is in a range of about 10 to 25 degrees when *e 

3 at least one cutting element is disposed outboard of a drive row location on the 

4 cone. 

1 5. The method as defined in claim 3 wherein the optimum value is 

2 determmed when me oriental 

3 element is disposed outboard of a drive row location on the cone. 
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1 6 The method as defined in claim 3 wherein the optimum value is 

2 determined when me orientation is in a range of about 350 to 335 degrees when 

3 tteatleastone cutting ^^^^sp^b^^d^rcmloo^on m ^ 

4 cone. 

1 7. The method as defined in claim 3 wherein the optimum value 

2 deternmiedv*e^^ 

3 elenwmt is disposed mlxwri 
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.8. The rnethod as defined in claim 1 whron an o ri e ntotion of a crest of 

2 the at least one r^onraxisyinmetrto cutting clement is adjusted separately :rom an 

3 orientation of a base of fee at least one non-ttds^mmetric cutting element to 

4 opting me value of fo^ 



1 9. The method as defined in claim 1 former cornprising: 

2 adjusttoganangteofalnsectn^ 

3. cutting element with respect to a sorto of amBercone onwHchme atleast one 

4 nan-axisymmetric cutting element is disposed; 

5 repeating the simulating and determin ing; and 

6 repeating the adjiisting me Wsecting plane angle, simulating and 
7, determining inttA the opmriai value of fee at least one drilling performance 
8 parameter is determined to he at the oj>umal value. 
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10. A toller cone drill bit, comprising: 

a ptaaKty of roller cones, each lotatably moimtedon abttbo^r, 
a plurality of cutting elements on each of the cones, at least one of 

4 the cutting elements bemg no*-axisyn^ 

5 therein an angle subtended hetweea along dimension of me at least 

6 one ncn^synnnetric d>^ — « rf ^ ^ " ■ 

7 whichmeatleastoneammge^ 

8 atleastonedrflbngperfimna 

t 11. The r^ cone oriubW 

2 ^drillttigpe^^ 

! 12. TheroBaconedrmbnasdeiW 

2 apimamiately 10 to 25 degrees w^^ 

3 outboard of a dove row location on the cone. 



1 
2 



13. The roller cjoue drill bit as disfined m claim 10 whetem 
approximately 25 degrees when the at least one cuttmg elenient is disposed 
3 onfboardofa drive row location on thecone, 

1 14 r The roller cone drffl bit as defined in claim 10 whereinme angle is 

2 anntndmately 350 to 335 degrees when me at least one cutting element is 

3 dis posed inboard of the drive row location. 

1 15. The roller wmedrffl bit as defined in clahn 10 wherem ^ angle is 

2 approximately 335 degrees when the at least one cuttmg element is disposed 

3 inboard of the drive tow location. 
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, 16 The roller cone diffl bit as defined in claim 10 when** the angle is 

2 the one of apr*«*irnatery 25 degrees and ariproxirnatery 335 degrees which 

3 provides a higher rate of penetration, when the at least oue cutting element is 

4 disposed on a drive row location on the cone. 

1 n. The loner cone drill hit as defined in claim 10 wherein the cutting 

2 fifo n* 1 *** comprise milled steel teeth. 

1 18. The roller cone drill bit as defined in claim 10 wherein me cutting 

2 elements cornpriseti^ 

1 19. The roller <^ drfli bit as defined in clam* 10 wherein the cutting 

2 denwan^coziHnisepoh*^ 

1 20. j^xB^em^hdrndBilnaAbidUmlO-^adnmlB^mt 

2 airmigelememmarowhavmgcmtin^ 

3 disposed at a differed angmw^ 

1 21 The roller cone drill hit as defined m claim 10 WbeiSsm an angle 

2 mbtended between a long dimension of a crest of the at least one non- 

3 a«synm«mipcuttmgel^^ 

4 least one cutting element is d^sed, mri an angle snhtended between a long 

5 dnneiision of tte W 

6 cone are both selected to optimize a vahie of ti» at leasts* 
7 
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1 22. The roller cone drill bit as defined in claim 21 wherein the at least 

2 one drilling performance parameter comprises Tate of penetration of the fait 

1 23. The toller cone as defined in claim 10 wherein an angle subtended 

2 between a bisecting plane of the at least one non-axisymmetric cutting dement 

3 and a surface of the cone on which the at least one non-axisymmetric cutting 

4 element is disposed is selected to o ptimize the value of the at least one drilling 

5 peirfbrmance parameter. 

1 24. The roller cone drill bit as defined in claim 23 wherein the at least 

2 obednliing^^ of the bit 

1 25. A roller cone drill bit, conaprising: 

2 a plurality of roflcr conestotatably mcranted cm abitbod^r; ard 

3 a plurality of non-axisymmetric cutting elements disposed on each of 

4 the roller cones, on at least one row of the cutting elements there being at least one 

5 of the cutting elements oriented at a different angle than the other ones of the 

6 cutting elements on the at least one row of cutting elements. 

1 26. The roller cone drill bit as defined in claim 25 further c ompos ing, on 

2 each of the roller cones, at least one catting element being oriented at an angle 

3 different than the other ones of the cutting elements on the at least one row of die 

4 cutting elements. 
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2 
3 



27. The rofler cone drfflbfc as defined mc^ 
/ph erne of the tows on at least one cone, at least one cutting element in each one 
of fee rows row being oriented at an angle different than fee other ones of the 



4 cutting elements in a same one of the rows. 



1 28. llieroncT cone drffl bit as defined m 

2 least one euni^ element in each row on each of fee roller cones be^g oricntedat 

3 an angle fefebrentfean fee other ones of fee catting ejeiiien* on ea^ sam^row on 

4 each of fee roller cones. 

| .. , ffr . , ; . . T1,e^Ber cone dr|tt bft aade^ °* 

2 ofeer ones of fee cutting elements is oriented so feat hs long onnensiDtt is 

3 substantially parallel to an axis of fee one of fee one of fee roller cones on which it 

4 is disposed. 

1 30. The roller cone drffl bit as defined 

2 ofeer ones of fee catting elements is oriented so feat its long dimension is 

3 snWff^lly pmJIel to an axis of fee one of fee one of fee roller cones on which it 

4 isdisposed. ^ 
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